Water and nitrogen are essential for the optimal development of corn plants. A deficiency of these elements leads to lower crop production. Also, the health status of a plant influences the photosynthesis process. The photosynthetic diagnosis of a plant from the chlorophyll fluorescence spectrum induced by laser is non-destructive to the sample, reliable and fast method. As part of this work, we showed that it is possible to detect the nitrogen and water deficiencies of corn from the chlorophyll fluorescence ratio at 690 nm and 740 nm, when the measurements are performed before the senescence phase.
Introduction
Corn is the most consumed cereal in the world. Indeed, it represents 41 % of world cereal production (Perrier-Brusle, 2010) . It is mainly used for feeding cattle in industrialized countries, but in sub-Saharan Africa and Latin America, it is used to feed the population (Bassalet, 2000) . In Côte d'Ivoire, the 2014 national production of this cereal exceeded 600 000 tonnes (Réseau Non-Gouvernemental Européen sur l'Agroalimentaire le Commerce l'Environnement et le Développement [RONGEAD], 2014) . However, the country is not self-sufficient in this cereal. It is forced to import corn to provide industrial and agro-pastoral needs. Therefore, it is necessary, even imperative to increase the production of this cereal to meet the existing needs and ultimately ensure food security of the Ivorian population. In Côte d'Ivoire, the corn growing areas are mainly located in Savannah, low rainfall area (Yéo, 2011) .
Water and nitrogen are essential mineral elements for the optimal development of corn plants (Saccardy, 1997; Plénet, 1995; PNTTA, 1999) . A deficiency in these elements leads to lower crop production. In agronomy, detecting the nutritional deficiencies of plants is usually carried out by foliar diagnosis which is a destructive method.
The fluorescence emission is directly related to the photosynthesis process (Papageorgiou & Govindjee, 2004; Stirbet & Govindjee, 2011; Wim & Andrej, 2013) in which are made of many biological exchanges. The health status of a plant influences this process. Thus, the study of the fluorescence spectrum can detect any stress on the plant at leaf and canopy scale (Chappelle, Wood, McMurtrey & Newcomb, 1984; Méthy, Olioso & Trabaud, 1994; Bourrié, 2007) . The interest of this photosynthetic diagnosis is that it is non-destructive, fast and reliable. As apr.ccsenet.org Applied Physics Research Vol. 8, No. 4; part of this work we characterize the water and nitrogen deficiencies of corn plants by chlorophyll method of laser-induced fluorescence.
Material

Experimental Material
Data were collected in vivo and in situ using an USB4000 -type FL fluorescence spectrometer. This device can record plant chlorophyll fluorescence spectra whose wavelengths range is from 360 nm to 1 000 nm in steps of 0.22 nm. The samples were excited by a LED emitting at 450 nm through a bifurcated optical fiber. The acquisition, storage and processing of the collected spectral data were conducted using a laptop. The Figure 1 shows the experimental setup. 
Methods
The plantations for both studies were divided into blocks. Each block contained the same deficiency levels (nitrogen or water) to ensure that the arrangement of the buckets in the field does not influence the results.
Water Stress Induction
In the case of the water stress study, the corn planting was made in a greenhouse as we did not want to be dependent on the weather and we had to control the water amount we had to provide to the corn plants.
A mineralogical analysis of the soil used to fill the buckets revealed that it had high content of. all essential nutrients for the corn plants development.
We first sought the soil field capacity : it is the amount of water that the ground can retain. Knowing this value allowed us to determine the various doses to apply to the soil to induce the hydric stress. The field capacity of the used ground was 2 liters. We then generated four levels of water stress as listed below: Every bucket contained two growth pouches at the rate of three grains per pouch. We removed corn plants from the bucket, to have a unique plant in a growth pouch 15 Days After Plantation (DAP). So, every bucket contained two corn plants.
We induced the water stress 30 DAP. Then, we started to collect spectral data 37 DAP. From this date and once a week, the fluorescence spectrum of every plant was recorded. This operation took place between 09:00 am and 1:00 pm. This phase ended 72 DAP when plants reached the senescence phase.
Nitrogen Stress Induction
The buckets were filled with poor nitrogenous soil, in order to control the intake of nitrogen fertilizer. Each bucket with a capacity of 30 liters had three growth pouches with three seeds per growth pouch.
We brought an amount of 2.27 g of nitrogen, phosphorus and potassium (NPK ) to every hole to allow a good seeding of the corn grain. Then, the corn seedlings were thinned to one plant per hole 15 DAP. So, there were only three plants per pot.
The nitrogenous stress was led 30 DAP by providing various doses of urea. So, we generated five fertilization levels as listed below: Ten days after the application of nitrogen stress; that is 40 DAP, we began collecting spectral data. From that date, once every week, the fluorescence spectrum of each plant was recorded. This operation that ended 82 DAP took place between 09:00 am and 01:00 pm. A total of seven series of measurements were carried out during the different development stages of corn plants.
Data Processing
During the measures at leaf scale, every deficiency level (hydric or nitrogenous) applied to the plant in the same block, is characterized by the average fluorescence spectrum.
We noticed that for the same applied stress level, there is no significant difference between the measurements performed on the blocks. We then worked with the average values of the ratios R computed on the blocks, for the same given deficiency level.
For all the recorded spectra, the digital data are converted to text files and then imported into the MATLAB software to compute the ratios of intensities of the two characteristic chlorophyll fluorescence peaks (R = F 690 /F 740 ). F 690 corresponds to the intensity of the fluorescence peak at 690 nm and F 740 is the intensity of the fluorescence peak at 740 nm. We used the fluorescence ratio in our study, among other fluorescence parameters as it is a pertinent indicator, widely used in plant stress detection (Tremblay, Wang & Cerovic, 2012) .
The various graphics were edited with the software ORIGINPro 8. R values given on the charts are the average values for every deficiency level. Indeed, it is recommended to use the mean value of ratio for many measurements for several plants to have reliable results instead of one single measurement (Fedotov, Bullo, Belov & Gorodnichev, 2016) .
Results and Discussion
Water Stress Case
The graphs in Figure 4 show for each stress level, the intensities of fluorescence ratios depending on the development stage of corn plants. For all treatments, we notice an increase in the value of R depending on the plant development stage. Thus, the value of R increases with the plant age. From 51DAP to 65DAP each curve compared to other is a function of the nutritional stress: greater the stress is, smaller R is.
From the date 51DAP, we also find that the curves (W12, W25) and (W50, W100) are close to each other. The differences between the ratios values for considered couples treatments are weaker at 65DAP. We can then consider the two extreme curves : W12 represents stressed plants and W100 represents non-stressed ones. At 51DAP the gap between the extreme curves is maximum. It would be the indicated date for the water stress detection. The water deficiency detection measures are efficient in the time interval [51DAP, 65DAP].
As the histograms in Figure 5 show, until 51DAP, all water -deficient plants have a ratio R ≤ 1.34. But, for nondeficient plants the ratio is still greater than 1.34. In addition, as water is an essential element for plant survival, a lack of water causes early senescence. This is the case from 58DAP. Then, we notice that all plants have R > 1.34. So, the appropriate time to make the measures for the hydric stress detection would be 51DAP. 
Nitrogen Stress Case
The charts in figure 6 show the fluorescence ratio over the treatment applied to corn plants. We find that at any plant development stage, the ratio R decreases when stress decreases.
According to Méthy, Olioso & Trabaud (1994) , the amount of chlorophyll in the plant is proportional to the photosynthetic activity. However, the nitrogen deficiency causes the decrease of the activity. The ratio R therefore increases when the nitrogen stress decreases. Figure 6 . Changes in the relationship between the fluorescence ratio and the nitrogen treatment
The Figure 7 displays the fluorescence ratios over the plant development stage, for each nitrogenous stress level. Despite serrated evolution of certain values, we observe for all treatments, an increase of the R value depending on the plant development stage. Thus, the R value increases with the plant age. This increase is more pronounced for N0 and N1 treatments than for those of N3 and N4.
We also notice on Figure 7 that charts (N0, N1) and (N3, N4) are close to each other.
The median position of the N2 treatment chart compared to curves treatments couples (N0, N1) and (N3, N4) illustrates the average fertilization rate that we applied. Furthermore, the arrangement of each chart compared to other highlights a parallelism with different fertilization levels we generated.
The table 1 shows the differences between the pairs of curves (N0, N1); (N3, N4) and (N0, N4). Vol. 8, No. 4; Figure 7. Temporal changes of the fluorescence ratio for the five nitrogen treatments Table 1 shows that the greatest differences between the fertilization levels during the plant development, are obtained at 61 DAP and 82 DAP. We cannot consider the second date because it is already in the plant senescence phase. Thus, the best period to conduct early nitrogen stress detection measurements would be 61 DAP.
This table also shows that the differences between N0 and N1 on one hand and N3 and N4 on the other hand are very low compared to the differences between N0 and N4. N1 and N0 Fertilizations produce the same effect of stress on the plant. It would therefore be useless to bring 25 % of the nitrogen needs to the plant. However, it would be economical for the farmer to provide 75 % of the nitrogen needs of the plant because the N4 and N3 treatments produce the same stress effect.
We then considered both extreme fertilization levels :
-nitrogen deficient level for N0 treatment plants;
-nitrogen fertilized level for plants that have undergone the N4 treatment.
For both generated fertilization levels, figure 8 shows the fluorescence ratio over the development stage.
The maize variety used in this study has a short-cycle production (90-95 days). At 70 DAP, the culture is in the senescence process. Figure 8 shows that the fertilized plants have a ratio R = 1.36 on that date. All measurements performed before the senescence phase are such that:
-R ≤ 1.36 for fertilized corn plants;
-R > 1.36 for deficient corn plants.
Moreover, the measures we took during the senescence phase provide R values greater than 1.36 whatever studied plants. In addition, the R value for fertilized plants is still lower than deficient plants. 
Conclusion
This study allowed to show that it is possible to detect the nitrogen deficiency and the water deficiency of corn plants from the ratio of chlorophyll fluorescence intensities of at 690 nm and 740 nm, when the measurements are performed before the senescence phase. The senescence phase occurs earlier in plants for water stress:
− to detect water deficiency, the favorable date is DAP 51. Corn plants will be considered water deficient if R ≤ 1.34 and water unstressed if R > 1.34 before the date specified for detection − While to detect nitrogen deficiency, the convenient day would be 61 DAP. Corn plants will be considered nitrogen fertilized plants if R ≤ 1.36 and nitrogen deficient plants if R > 1.36 before this date.
We find that the fluorescence ratio R increases over time, for any stress on the plant. However, R decreases with the nitrogen stress and increases with increasing water deficiency.
However, further experiments must be led to determine the amount of nitrogen and water to provide to corn plants to correct any detected deficiency.
